Interstitial nephritis in pigs with adenovirus infection
Jerome C. Nietfeld, Pam Leslie-Steen Georgia pigs were 4-5 months old and were submitted because of chronic respiratory disease in the herds of origin. One of the South Dakota pigs was a 13-15-kg nursery pig, also examined because of chronic respiratory disease, and the second was an 8-month-old gilt that had been purchased as a breeding herd addition. The gilt was euthanized by the herd's veterinarian because of poor growth. Chronic, purulent bronchopneumonia was identified as the primary problem in the 3 younger animals. In addition, there was a cerebellar abscess in one of the Georgia pigs. Lesions in the gilt indicated past trauma and consisted of several broken ribs, subcutaneous hemorrhages, intra-abdominal fibrous adhesions, and multiple 2-10-mm nodules of normal splenic tissue adhered to the omentum.
In addition to the above findings, in the kidneys from each pig there were multifocal accumulations of lymphocytes and plasma cells in the connective tissue that surrounded and separated tubules (Fig. 1) . The lumina of a few affected tubules contained eosinophilic, necrotic epithelial cells. Lightly eosinophilic, intranuclear inclusion bodies that in most cells filled the nucleus were present within tubular epithelial cells and sloughed cells in tubular lumina (Fig. 2) . Occasionally, a clear halo separated the inclusion body from the marginated chromatin. Inclusion bodies were within epithelial cells of tubules surrounded by inflammatory cells and in tubules devoid of inflammation. The preponderance of the inflammation and all of the intranuclear inclusion bodies were within cells lining tubules of the medulla.
Unfixed renal tissue from the 2 Georgia pigs was homogenized in phosphate buffer, negatively stained, and examined by transmission electron microscopy (TEM). Formalin-fixed kidney from 1 of the Georgia pigs was further processed, embedded in epoxy, sectioned, stained, and examined by TEM. Nonenveloped, 65-75nm viral particles with icosahedral symmetry typical of adenoviruses were found in both samples of homogenized kidney, and in nuclei of the tubular epithelium in the formalin-fixed kidney (Figs. 3, 4) . Frozen sections of kidney from the South Dakota pigs were found to contain adenovirus antigen by direct immunofluorescent antibody (IFA) staining. a Homogenates of renal tissue from the South Dakota pigs were also inoculated, using standard virologic techniques, onto primary cultures of kidney and testicle cells prepared from fetal pigs obtained from normal sows at slaughter. After 2 passages at weekly intervals cytopathic effects typical of adenoviruses were observed in cell cultures inoculated with kidney from the gilt. Direct IFA staining confirmed the presence of adenovirus antigen within the cells, and adenovirus particles were identified by TEM of a negatively stained sample prepared from the cell cultures.
There are 4 recognized serotypes of porcine adenoviruses. 3,4 Serotype 4 is most commonly isolated. 3, 4 The reference strain of serotype 4 was isolated from the brain of a 10-weekold pig with encephalitis. 4,10 When serotype 4 is inoculated intranasally or orally plus intranasally into gnotobiotic pigs there is viremia with nonsuppurative nephritis, encephalitis, and pneumonia. 7, 17 The virus can be reisolated from these tissues plus the alimentary tract. Serotypes 1-3 less frequently cause viremia and often can be recovered only from the alimentary tract of experimentally infected pigs. 4,5,18 However, evidence of systemic infection has been reported for serotypes 1 and 3, making it impossible to be certain of the serotype based on the results of histological and virological examinations. 1, 4 In 1 report, adenovirus was ultrastructurally identified within endothelial cells of pigs with skin cyanosis that were thought to have been infected in utero. 13 The virus add adenovirus to their list of differential diagnoses for inwas not isolated and its serotype was undetermined.
terstitial nephritis in pigs. The fecal-oral and fecal-nasal routes are considered to be the primary modes of transmission for porcine adenoviruses. 3, 4 In agreement with this hypothesis, adenovirus virions were identified by TEM of the feces of a second pig from the herd of origin of 1 of the 2 Georgia pigs. Because of the presence of adenovirus in renal tubular epithelium in this report, and the previously reported findings that adenovirus can persist in the kidneys and can be isolated from kidneys of normal pigs at slaughter, 3,4 the possibility of urinary-oral and urinary-nasal transmission must be seriously considered.
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Porcine adenoviruses have a widespread, if not worldwide, distribution. 3,4 Infection, as measured by antibody titer and virus isolation, is common. [2] [3] [4] 8 Clinical disease is uncommon. The majority of reported natural cases are from pigs with intestinal infection. 1,3-5, 15 Experimental infection inconsistently causes mild, transient diarrhea; 1,5,6,11,17,18 however, a large survey of pigs with natural intestinal adenovirus infection was unable to associate the presence of adenovirus with clinical disease. 15 Although histologic lesions of encephalitis, pneumonia, and nephritis occur in pigs infected with porcine adenovirus, especially serotype 4, clinical signs attributable to disease in these organ systems are not present. 1, 7, 11, 17 The pigs in this report had evidence of other disease. conditions that would explain their clinical problems (bronchopneumonia in 3 and trauma in the fourth). Most likely adenovirus infection was incidental and contributed little if anything to the clinical problems of these pigs. However, it is important for veterinary diagnosticians to recognize that porcine adenovirus is a cause of peritubular nephritis and to
